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Molting is a natural occurrence in the Avian species that can include a period of
fasting. Animal rights groups view the long-accepted standard industry practice as
inhumane. Based on influences from these groups and the recommendation of its
scientific committee, United Egg Producers (UEP) requires members of its Animal Care
Certified Program use a non-feed withdrawal molting program, even though the
morphological and physiological effects of this method have not been studied in depth
and the existing literature provides contradictory results.
Research regarding how to induce a non-feed withdrawal molt has been
performed using feed that is nutrient deficient or contains an additive to cease egg
production. Studies have shown subsequent egg production to be comparable to hens
molted using feed withdrawal. This study was designed to determine the morphological
and physiological changes that occur in a non-feed withdrawal molt.
Two hundred hens divided into 40 groups of 3 birds each were molted in a
staggered pattern so that the morphological and physiological effects of non-feed

withdrawal molt could be measured with identical environmental and housing variables.
Data was divided into 5 sections including Control (n=5), Start (n=7), Mid-Molt (n-7),
Near End (n=7), and Over (n=15). Internal organs were examined and measured.
Corticosterone levels were measured to determine if non-feed withdrawal molting causes
less stress to hens. Pertinent blood parameters including cholesterol, glucose, O2, CO2,
hemoglobin, and hematocrit were also measured.
Results indicate internal organ weight changes due to non-feed withdrawal molt
were as expected. Decreases in the oviduct length, ovary weight, follicle weight, and
follicle number indicate regression of the reproductive tract. No differences (P<0.05)
were observed in corticosterone levels, suggesting that a non-feed withdrawal molt does
not increase stress in laying hens.
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CHAPTER I
INTRODUCTION

Birds go through a natural molt which serves to rejuvenate their plumage and
reproductive tract in order to prepare them for a new reproductive cycle. As the demand
for eggs increased and the industry evolved, a need for a consistent period of lay over
large numbers of birds became evident. This need led to the use of a forced molt to
control the time that hens entered the second laying cycle, thus extending the period in
which all birds were laying at a consistent rate. Forced molting has, however, come
under intense scrutiny from animal welfare groups who in turn pressure large volume
buyers.
Over the years, egg companies have stream-lined business because of economics.
The decision to molt a flock is an important one as it extends the laying life of a hen.
During the first cycle lay, hens lay eggs at an expected rate and of good quality for about
a year. After the first year, egg size and shell quality begin to decline. Instead of selling
the hen from 45 to 65 weeks of age, a hen can be molted and lay eggs until 108 to 120
weeks of age.
No research has been reported on whether non-feed withdrawal molting is
“better” for laying hens, when compared to feed withdrawal molting. Webster (2000)
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stated that “Insufficient information is available either to enable the egg industry to
defend induced molting practices or to convince the industry that these practices must be
changed.” Therefore, the objective of this research was to evaluate the effects of nonfeed withdrawal molting on the morphological and physiological characteristics of laying
hens. To meet this objective, the present study was conducted to measure parameters
regarding internal organs, the reproductive tract, blood chemistry, molt feed
consumption, percent body weight loss during molt, and corticosterone levels of hens in
various stages of a non-feed withdrawal molting program with no manipulation of
photoperiod.
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CHAPTER II
LITERATURE REVIEW

Natural Molting and the History of Molting
Molting is generally defined as a loss of feathers. Molting of egg-laying fowl is a
natural occurrence. In the fall of the year, as daylight decreases, some birds will
instinctively stop or reduce eating and start to lose feathers. Yousaf and Chaudhry (2008)
further explained the term as “a natural phenomenon in birds during which they replace
old plumage with new feathers, reduce feed intake, lose body weight, and suspend
reproduction”. Rowan (1926) explained that the change in the length of day is the
primary environmental factor for inducing molt in most avian species. There are many
additional experiments that have confirmed that the decrease in day length initiates
gonadal regression and starts the molting process (Meier and Farner, 1964; Pittendrigh
and Minis, 1964; Wolfson, 1966; Meier and MacGregor, 1972; King, 1970).
In the book Feeding Poultry, Heuser (1946) described at great length that natural
molt occurs in the fall of the year as daylight decreases. He explained that the time,
nature and length of molt can be greatly influenced by feeding and management. He
further stated that even though the molt can be manipulated using different techniques, it
is best to let molting take its natural course. It is interesting to note that Heuser stated
that a hen needs the same nutrients during molt as she does when actively laying. Heuser
3

wrote that when hens stop production, they may be fed more grain but need also need to
be fed mash. Berry (2003) explained that molting in wild avian species frequently
coincides with incubation of eggs and brooding of offspring accompanied by a period of
natural inappetence or anorexia. Berry further explained that this natural instinct has
perhaps been diminished by selective breeding for a high rate of egg production in
today’s commercial laying hen, therefore making her not as responsive to environmental
clues to initiate a seasonal molt. However, commercial laying hens have not lost their
ability to fast for prolonged periods of time and undergo a spontaneous regression of the
reproductive tract and feather loss.
Bell (2003) reported that because many laying hens may kept in barns or houses
together, molting must be initiated or induced so that all birds molt at the same time. For
years, forced molting or feed withdrawal molting was the method of choice for egg
producers; it involves removing the feed from birds completely. In the afore-mentioned
study, Berry (2003) stated that “Induction of a coordinated molt, by manipulation of
environmental and nutritional cues, or endocrine manipulation, can be used in domestic
hens to regress and regenerate the reproductive tract.” North and Bell (1990) reported
that almost 4 months is required for feathers to be lost and a new set grown if molting is
allowed to progress naturally.
Shippee et al. (1979) reported that all molting programs require cessation of egg
production and body weight loss. Mrosovsky and Sherry (1980) reported that in nature,
adult avian species may lose up to 40% of their mass when undergoing an annual molt.
Berry (2003) wrote that many bird species, including chickens, can survive with little or
no food for relatively long periods of time. He explained that this is a normal feature of
4

their physiology. The problem, as Ruszler (1998) explained, is that when many birds
must be induced into molt at one time, it may be harmful to hens that are not
physiologically ready.
Bell (2003) reported that according to a USDA Animal and Plant Health
Inspection Service survey published in 2000, 74.2% of sites that were surveyed molted
their most recently completed flocks. The survey also indicated that flocks are most
often molted in the southeast region of the United States (94% of flocks) versus flocks in
the central region (51%). Swanson and Bell (1974) recommend that a molting method
should be simple, cost effective, result in low mortality, and lead to acceptable
performance. Webster (2003) noted that one reason that feed withdrawal is the method
of choice for the U.S. egg industry is because it is easy and produces good results.

Feed Withdrawal Molting
There has been much research conducted on feed withdrawal molting programs,
and procedures to induce molting have been studied independently and in various
combinations. Induced molting is usually divided into 3 categories that include a premolt phase, the period of actual fasting and weight loss, and a rest period. The use of
lighting programs during molt has also been researched. There are publications that
provide general recommendations regarding molting; these include Rice et al., 1908;
Knowlton, 1936; Wilson et al., 1967; Morris, 1970; Swanson and Bell, 1974b; Bell,
1989. Other published material includes the results of feed withdrawal up to 10 days
(Christmas et al., 1985), water withdrawal for 2 days (North and Bell, 1990),
Photoperiodic reduction (Hembree et al., 1980), feeding low calcium (Breeding et al.,
5

1992), low sodium diets (Berry and Brake, 1985), and feeding high dietary zinc (Berry
and Brake, 1985).
The results of induced molting have also been studied extensively. Results
include that post molt egg size increases significantly (Zeelen, 1975), there is a higher
percentage of eggs graded as large (Zeelen, 1975), and egg shell weight improves
(Zimmermann et al., 1987). Zimmermann et al. (1987) also reported increased interior
egg quality in post molt eggs, as determined by Haugh units. Christmas et al. (1985) and
Wilson et al. (1967) both reported that post molting egg production increased
significantly. A study by Alodan and Mashaly (1999) found that increased egg
production could be the result of hens staying out of production for longer periods of
time, a result also reported by Buhr and Cunningham (1994) and Noles (1966).
Brake and Thaxton reported that the reason for increased egg production during
post molt may be the result of decreased body weight (1979a). They postulated that
“discreet changes at the cellular level” may be the reason for the rejuvenation of the
reproductive tract.
The amount of body weight loss that a hen should experience during a forced molt
varies. Berry (2003) reported that complete ovarian regression occurs beyond 25% body
weight loss. Baker et al. (1983) concluded that a body weight loss of 30% produces
optimum results.
Bell (2002) reported that feed removal was used by most of the industry with
much variation in the procedures with the length of feed withdrawal varying in length
from 5 days to 14 days. There was also variation in whether or not a resting period
followed the feed removal periods. His conclusion indicates that molting is “here to
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stay” because of the economic importance but that “the method by which the molt is
initiated will change, in time.” Indeed, Bell was correct when he wrote that molting
practices would have to change in time. Scientific research has indicated that forced
molted hens shed more Salmonella enteritidis (SE) organisms. This data along with
influence from animal rights groups has been the two biggest driving forces behind the
changes molting programs have undergone in the past few years.

Feed Withdrawal Molting and Salmonella Enteritidis (SE)
The egg industry has long been associated with Salmonella. Specifically, SE is
the organism associated with eggs and food borne illness. Poppe (1999) reported that
contaminated eggs may be produced by hens because of the stress they incur from
molting. In a study by Thiagarajan et al. (1994), it is reported that because SE is invasive
in poultry, it can possibly contaminate eggs by transovarian transmission after
colonization in the intestinal tract. Mishu et al. (1994) reported that 82% of the SE
infections in the United States between 1985 and 1991 were associated with table eggs.
However, according to a Centers for Disease Control report in 2000, the rate of SE illness
declined by 48% from 1996 to 1999 (www.cdc.gov). In correlation, Bell (1987) reported
that approximately 180 million hens are at an increased risk of SE colonization due to
forced molting. In a 1994 report, USDA’s Animal and Plant Health Inspection Service
(APHIS) estimated that within the first 10 weeks after a forced molt, the incidence of SEpositive eggs increases three-fold (www.usda.aphis.gov).
There is currently an Egg Safety Action Plan that has been looming for almost an
entire decade. This plan was announced by President Bill Clinton 1998 and was written
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by veterinarians and staff at the Food and Drug Administration (FDA). The focus of the
Egg Safety Action Plan is to reduce the presence of SE in shell eggs to 0% over a tenyear period by putting specific programs into the production area. Since, SE is a
naturally-occurring organism, it is not likely to be reduced to 0%. However, there are
already many state programs that address SE testing, and many major customers require
testing as part of on-going approved supplier status. These state programs address the
cleaning and disinfection of poultry houses and other production management practices
(personal communication with Gene Gregory, UEP president, 2008).
Many negative reports exist regarding molting that is induced by starvation.
Berry (2003) reported that hens may be more susceptible to Salmonella infection after a
starvation molt. He also reported that although it is cruel to hens, the reduced mortality
during induced molt fasting suggests that commercial layers tolerate fasting. Berry
(2003) also reported that during an induced molt, specific lymphocyte classes are
reduced, and this may increase the susceptibility to infection. He further explained that
this is important from a food safety perspective because increased susceptibility could
potentially lead to Salmonella colonization. Experimental models have also shown that
SE colonization and gastrointestinal tract infection increase in feed withdrawal molted
hens (Holt, 2003; Ricke, 2003).
P. S. Holt has studied the effect of forced molting on the incidence of SE infection
extensively. In conjunction with Porter (1992) and others (1995), he reported that forced
molted or feed-deprived hens shed more organisms and exhibit a significantly larger
amount of intestinal inflammation than full fed hens (Porter and Holt, 1993; Arnold and
Holt, 1996; Marcri et al., 1997). Holt et al. (1994) also reported that forced molted hens
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were more susceptible to SE infection and caused an increase in horizontal spread of
infection to molted hens in neighboring cages (Holt and Porter, 1992a, 1993; Holt, 1995).
St. Louis et al. (1988) also reported that epidemiological studies show
consumption of Grade A shell eggs have contributed to episodes of SE infection.
Researchers have looked for a way to quantify SE infection in layers as a predictor of SE
counts. A 2002 study by Holt and Gast examined the elevated Serum alpha 1-acid
glycoprotein (AGP) levels among 4 groups of hens to evaluate if the AGP would be
affected by an SE infection and if the stress from forced molting employed by a 14 day
feed withdrawal would increase the effects. The hens were divided into equal groups of
molted infected, nonmolted infected, molted noninfected, and nonmolted noninfected.
They found that significantly higher SE levels did not always correlate with a
significantly high AGP level. They did report, however, that a trend was observed
“toward increasing serum levels concomitant with increasing SE counts.”
The results of a study by Moore and Holt (2006) contrasted Holt’s previous
findings in other studies regarding forced molting and SE. In a study titled “The Effect
of Feed Deprivation on Tissue Invasion by Salmonella enteritidis,” the authors reported
that “fasting and ovarian regression do not exert a direct effect on Salmonella invasion of
ovaries and that an alternate mechanism is involved in the susceptibility of fasted hens to
ovarian invasion by Salmonella.” The authors also stated that the ovaries of full-fed hens
are more susceptible to Salmonella invasion that those of molted hens. These results are
opposite from the in vivo findings that show fasted hens exhibit a higher incidence of
ovarian infection versus full-fed hens.
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Because SE has been reported to occur more frequently in hens during and after a
forced molt, research has also been conducted to minimize SE during a forced molt itself.
Kubena et al. (2005) examined the effect of adding lactic acid and acetic acid to the
drinking water of forced molted laying hens to determine if there was any effect on the
susceptibility of the hens to SE. They reported that the stress that feed deprivation causes
in laying hens increases a hen’s susceptibility to SE infection and SE in internal organs,
and in turn increases the risk of SE positive eggs. The hens in this study were challenged
orally with 104 SE on the fourth day of feed withdrawal. The water for one group was
treated with 0.5% lactic acid in distilled water, and 0.5% acetic acid in distilled water was
given to another group. The other two groups were either nonmolted or forced molted
with distilled water with no additive. The authors reported that while the drinking water
had no effect, the number of SE positives in the crop and ceca after culture were higher
for the molted treatments.
Murase et al. (2006) studied the isolation of Salmonella organisms in commercial
layer houses where birds were molted using a wheat bran diet. The environment was
naturally contaminated with several serovars of Salmonella but not with SE or
Salmonella typhimurium. No significant increase in Salmonella isolation was observed
post molt in comparison to pre molt levels.

Molting and Stress
Over the past few years, the practice of feed withdrawal molting has been
questioned by animal rights groups. To further promote their agenda on this subject,
these groups have influenced major restaurants and grocery store chains to buy from
10

producers who do not withdraw feed from hens and published websites and other
materials attacking the egg industry and its accepted practices such as feed withdrawal
molting. These groups launched huge negative publicity campaigns against restaurants
like Wendy’s and McDonald’s and supermarkets like SUPERVALU Inc.
(www.peta.org).
In 2003, Webster wrote that “molt induction to rejuvenate the egg laying
performance of commercial laying hen flocks is an important practice in many parts of
the world, often being necessary to make a flock profitable under certain market
conditions.” He further stated that feed withdrawal molting programs “raise concern
about animal welfare because it is thought that they may be harmful to hens.” In 1978,
Beauving and Vonder characterized the molting of layers as stressful; Duncan and WoodGush (1971) applied the term “frustrating” to the practice. The stress of feed removal
and starvation is of major concern to animal welfare groups as they do not understand or
refuse to accept that molting is a natural occurrence in the avian species. Therefore,
several research studies have been performed to evaluate the stress level of laying hens
during molt. This has been accomplished by measuring heterophil:lymphocyte ratios,
corticosterone levels, behavioral indicators, and gakel calling measurements.
Alodan and Mashaly (1999) reported that molted groups, as compared to a control
group, had higher heterophil:lymphocyte ratios (used to measure levels of stress as
discussed by Gross and Siegel (1983), indicating that molted birds were more stressed.
The same study also found no increased mortality rates outside the expected range,
concluding that excessive stress did not have any influence on livability or immune
response.
11

In his article “The Physiology of Induced Molting,” Berry explained that
corticosterone levels increase first in laying hens because of the need to mobilize energy
from the lack of feed. Berry (2003) explained that the method of induced molting will
influence the degree to which corticosterone increases but that the increase is only
temporary as it will decrease as feed withdrawal continues. Etches et al. (1983) reported
that feed withdrawal molting causes larger increases in corticosterone levels while other
methods that take more time to induce molt cause smaller increases. These researchers
also reported elevated corticosterone levels in hens that are molted by feed withdrawal.
Research concluded that induced molting from fasting is detrimental to the well-being of
hens, causes frustration, and discomfort (Duncan and Mench, 2000; Webster 1995, 2000,
2003; Zimmerman and Koene, 1998; Zimmerman et al., 1997).

Molting and Behavior
In Webster’s 2000 article “Behavior of White Leghorn Laying Hens After
Withdrawal of Feed,” he concluded that aggression did increase on the first day of a
forced molt with increased pecking observed on day 2. These actions were reduced on
day 3. He further reported that until a body weight loss of 35%, hens did not experience
harm when deprived of feed, and there was no behavior that suggested the hens were
suffering. Webster wrote that it is premature to conclude that the feed withdrawal molted
hens did not suffer but no observations to substantiate suffering were observed.
In contrast, Anderson et al. (2004) concluded that feed withdrawal molting does
not cause an increase in aggressive behavior. The authors also concluded that neither
strain nor density affected behaviors relative to appetite; age of the hens but molting did
12

affect these behaviors. This same study also suggests that molting does not have any
long-term impact on behavior and has a number of beneficial effects. This supports the
findings of Webster (2000) who indicated that fasting did not result in harm to hens
during a feed withdrawal molt.
Oguike et al. (1995) examined differences in behavior between molted and nonmolted hens. They reported that hens became agitated and noisy during the first 4 days
of molt. After this time, the molting birds were very passive while the full fed birds
remained active. McCowan et al. (2006) examined the behavior of hens using different
methods of induced molting (fast-induced, nonfast-induced, no-molt) under premolt,
molt, and postmolt conditions. They examined 29 different behaviors and the number of
Gakel calls of hens via videotape. Corticosterone levels were also measured. The only
behavioral factors that differed among treatments and conditions were cage pecking and
aggression. The fast-induced hens were observed to peck at cages at a significantly
higher rate while this group and the nonfast-induced molt group exhibited significantly
higher aggression rates during molt. Hens in the fast-induced molting group exhibited
significantly higher rates of gakel calling during the molt and postmolt periods.
Interestingly, McCowan et al. (2006) reported that corticosterone levels decreased
during the molting stage in the fast-induced and nonfast-induced hens but not for the
nonmolted hens (p<.03). The authors described this result as puzzling and offer two
possible reasons for this result. The first refers to research by Webster (2003) in which
he reported that corticosterone levels may temporarily increase within the first few days
of a fast-induced molt but decrease afterward. The second explanation is that because the
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two groups of hens were in molt, they were not under the normal amount of stress
associated with egg laying (Beuving and Vonder, 1978; Sharp and Beauving, 1978).
There are studies that report increased aggression in hens that undergo a feed
withdrawal molt (Aggrey et al., 1990) and those that do not show increased aggression
(Hembree et al., 1980). McCowan et al. (2006) concluded that nonfast-induced molting
methods using a low-caloric diet is a good alternative because it minimizes discomfort
from food deprivation. The authors also concluded that measuring gakel vocalizations in
hens may be and effective measurement to assess well-being.

Non-feed Withdrawal Molting
In 2002, United Egg Producers (UEP) formed a scientific advisory panel to
review industry practices and make recommendations (personal communication with
Gene Gregory, UEP president, 2008). At that time, the egg industry was under increased
scrutiny from animal rights groups not to withdraw feed from birds. The scientific
committee recommended that non-feed withdrawal molting be used instead of feed
withdrawal molting because it could be just as successful. UEP also commissioned
research at several universities to further develop non-feed withdrawal molting feeding
and management programs. Egg producers who participate in the United Egg Producer’s
(UEP) Animal Care Certified program can no longer use feed withdrawal to induce molt
(personal communication with Gene Gregory, UEP president, 2008;
www.unitedegg.org). Before UEP removed the allowance of feed withdrawal molting,
the guidelines were based on body weight loss not exceeding 30% and mortality not
exceeding 1.2% (www.unitedegg.org).
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Is non-feed withdrawal molting better for hens than the traditional feed
withdrawal method? In 2003, Webster wrote that it is “important to verify that
alternative molting procedures actually achieve better hen welfare before they are
accepted as replacements for existing commercial induced molting practices.” Non-feed
withdrawal molting can be accomplished by offering a feed that is low in nutrients or
contains an additive that will inhibit egg production. Research has been conducted
regarding non-feed withdrawal molting by simply offering some sort of feed, albeit
nonnutritive, to hens (Bar et al., 2003; Biggs, et al., 2004; Landers et al., 2005).
Non-feed withdrawal molting can be accomplished using a feed that is
nutritionally deficient in a single ingredient. Research has been conducted using
deficient levels of salt/sodium (Nesbeth et al., 1976a,b; Harms 1981, 1983; Naber et al.,
1984). Calcium deficiency in molt diets has also been studied (Douglas et al., 1972; Blair
and Gilbert, 1973; Martin et al., 1973). Research has been conducted on low-nutrient
feedstuffs and many combinations of ingredients (Bell et al. 1976) as well as on molt
feeds containing high levels of minerals such as zinc and aluminum (Arrington et al.,
1967; McCormick and Cunningham, 1984a,b, 1987). Vermaut et al. (1998) even
explored a jojoba-rich diet as a method of induced molting.
Soe et al. (2007) found that feeding a low protein/low energy diet is effective at
inducing molt and increasing post-molt performance. This study involved 3 groups of
birds consisting of a full-fed group, a feed withdrawal molted group, and a non-feed
withdrawal molted group. Feed was withdrawn from the feed withdrawal molted group
for 2 weeks. The non-feed withdrawal group was fed a low-protein, low-energy diet for
4 weeks. The feed withdrawal molted group ceased egg laying within 8 days while it
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took 10 days for the non-feed withdrawal group to cease egg production. The
heterophil:lymphocyte ratio was measured on day 10 of the molt, and the non-feed
withdrawal group was lower than that of the feed withdrawal group. The authors
concluded that these results suggest that feeding of a low-protein, low-energy diet can
induce molt and increase post-molt performance.
Biggs et al. (2003) conducted an experiment using two different non-feed
withdrawal methods to examine the results compared to two commonly used feed
withdrawal programs. The non-feed withdrawal methods used involved a low-protein
diet and a low-energy diet. This study indicates that egg production of hens fed the corn
molt diet decreased to 3% by day 28. Hens fed the corn and wheat middlings diet
exhibited a body weight loss of approximately 15 and 8% at d 28. The hens fed the
wheat middlings diet did return to production slightly faster than hens in other treatments,
and post-molt egg production and egg mass was generally higher for the hens fed wheat
middlings and the hens on the the 10-d feed removal treatments. This study indicated no
consistent differences in mortality, egg weight, egg specific gravity, feed efficiency, or
layer feed consumption among treatments.
Therefore, the authors concluded that diets high in corn or wheat middlings,
particularly wheat middlings, may be effective alternative molting programs that provide
comparable post-molt performance. The authors reported that even though the hens did
lose some body weight, they were provided with all necessary vitamins and minerals.
Other research conducted includes non-feed withdrawal molting programs using
feed that contains less than 0.04% sodium (Whitehead and Shannon, 1974; Dilworth and
Day, 1976; Nesbeth et al., 1976a, b; Campos and Baiao, 1979; Ross and Herrick, 1981)
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and feed that contains less than 0.03% calcium (Douglas et al., 1972; Martin et al., 1973;
Gilbert and Blair, 1975; Wakeling, 1978). A study by Breeding et al. (1992) reported
that a combination of low calcium and only 2,800 ppm zinc could be used to induce molt.
Feed that is high in dietary zinc appears to work quite well and is effective at
halting egg production within 5 days of molting. Feed high in zinc has been studied by
Creger and Scott (1977); Berry and Brake (1985, 1987); McCormick and Cunningham,
(1984a,b; 1987). As early as 1979, Roberson and Francis reported that a feed containing
20,000 ppm dietary zinc is as effective as feed withdrawal. Shippee et al. (1979) reported
that 10,000 ppm zinc stopped egg production within 6 days.
Park et al. (2004) studied the effect of a diet using zinc propionate during a nonfeed withdrawal molt. The results indicated that laying hens whose molt feed contained
1% zinc propionate ceased laying by the fourth day of the molt and greatly reduced feed
intake. These hens also exhibited body weight loss as well as ovary regression.
In a study published in 2002, Keshavarz and Quimby reported that a diet
containing grape pomace and 10 ppm thyroxine ad libitum could provide similar post
molt performance compared to feed withdrawal molting. However, this diet did not
prove to be less stressful even though it did supply the hens with the appropriate
nutrients. McKeen (1984) also fed grape pomace to hens freely for 10 to 18 days. He
reports that this resulted in molt in the hens whether the feed contained vitamin and
mineral supplementation or not. He also indicated that post-molt performance (measured
for 40 weeks) was comparable to those hens exposed to 10 day feed withdrawal.
Koelkebeck et al. (2006) reported that based on the research, molt diets containing
wheat middlings or soybean hulls in combination with corn would be an effective
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alternative compared to feed withdrawal molting. He also stated the exact combination
or feed formula has not been established, adding that egg production companies have
adapted their own programs to suit their specific circumstances.
Bar et al. (2003) looked at the addition of nicarbazin (NICR) to molt feed. The
results show that NICR may be effective at inducing a molt, but it is unlikely that it
would be used commercially because it is considered a drug. Other research on non-feed
withdrawal molt feed has been performed involving various additives like progesterone
and enheptin.
Shippee et al. (1979) wrote that all molting programs require cessation of egg
production and body weight loss. According to research findings, both feed withdrawal
and non-feed withdrawal molting can effectively induce molt in laying hens. The results
of the Thirty-Fifth North Carolina Layer Performance and Management Test show that
hens molted by feed withdrawal outperformed hens that were molted in a non-fast
program. Anderson and Havenstein (2007) indicated that refinements are needed to
make non-feed withdrawal programs as economically effective as feed withdrawal
programs. Koelkebeck and Anderson (2007) reported that feeding a low-energy, lowprotein molt diet does produce postmolt production performance that is comparable to
feed withdrawal methods. The postmolt performance of non-feed withdrawal molted
hens may be comparable, but comparable is not equal.
In a report submitted to UEP, Koelkebeck and Parsons stated that the removal of
feed for 10 days does not negatively impact the physiological well-being of laying hens.
The authors stated they found no significant differences in post-molt performance but that
feed withdrawal molting did produce numerically better post-molt performance numbers
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(personal communication with Dr. K.W. Koelkebeck, 2008). Koelkebeck and Parsons
indicated that non-feed withdrawal molting to induce molt must be considered because of
the pressure from animal welfare groups.
Is non-feed withdrawal molting “better” for laying hens, and how is “better”
quantified? The body of research regarding natural molting, feed withdrawal molting,
and non-feed withdrawal molting, contains contradictory results. Webster (2000) stated
that “Insufficient information is available either to enable the egg industry to defend
induced molting practices or to convince the industry that these practices must be
changed.”
Therefore, the objective of this research was to evaluate the effects of non-feed
withdrawal molting on the morphological and physiological characteristics of laying hens
in various stages of non-feed withdrawal molt with no manipulation of photoperiod so
that all hens were subjected to the same environment. Parameters regarding internal
organs, the reproductive tract, blood chemistry, molt feed consumption, percent body
weight loss during molt, and corticosterone levels were measured. If removal of feed
during a molt puts hens under increased stress, does a non-feed withdrawal molt cause
the same results? If molting and therefore reduced feed consumption is still a part of the
genetics of today’s laying hen, does she undergo more stress by eating during molt than
not? Is there complete oviduct regression in laying hens during a non-feed withdrawal
molt? Is there a certain parameter in the blood that goes awry when feed is not
withdrawn? The existing research regarding non-feed withdrawal molting does not take
all of the parameters measured in this study into account. It must be proven that non-feed
withdrawal molting is “better” for laying hens than feed removal or starvation molting.
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Berry (2003) wrote in the article “The Physiology of Induced Molting” that
“Understanding the physiological effects of molting is necessary to rationally address hen
welfare and food safety concerns and to most efficiently and humanely manage laying
flocks.”
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CHAPTER III
MATERIALS AND METHODS

Live Production
Two hundred fifty-two week old Hy-Line W36 Single White Comb Leghorn hens
were used in this experiment. The hens were maintained on the Poultry Research Farm
of the United States Department of Agriculture (USDA) South Central Poultry Research
Laboratory in Starkville, Mississippi. The study was conducted in an 11.3 x 24.5 m (27 x
80.5 ft) layer facility with closed side walls and controlled temperature maintained at 24C
(75F). Hens were housed individually in forty groups of three birds each. All hens were
in production at the initiation of the study, and egg production among the various groups
was equated before treatments began. The cage size was 16 x 20 inches.

Diet and Feeding Program
The hens were placed on a staggered pattern of molting feed so that physiological
changes during each stage of the non-feed withdrawal molt could be observed and
compared. Water was supplied ad libitum. The lighting schedule consisted of 17 hours
and 15 minutes of light each day with no manipulation in photoperiod. The feeding
regimen began with a pre-molt feed represented as #1 in which no salt which was fed for
3 days. This was followed by a #2 molt feed that was fed for 21 days. The #3 special
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diet followed for 3 days, and the #4 salt feed was fed for the next 7 days. The #5 layer
ration was the last step of the regimen and is representative of what the birds were fed
before the non-feed withdrawal molt began. Feed was weighed every two days during the
study to determine consumption during molt. Table 1 lists the diets and the % crude
protein, % crude fiber, metabolizable energy, and salt levels in each diet.

Measurement and Evaluation of Internal Organs
Hens were weighed before the trial began and were weighed at the beginning of
molt and every day during molt. At the end of the experiment, hens were weighed, bled
by cardiac puncture, and euthanized by cervical dislocation. Body weight, as well as
intestine, small intestine, heart, spleen, gall bladder and liver weights were determined.
The weight and length of the oviduct were measured, and the ovary was weighed. The
weight and number of ovarian follicles were measured along with the number of atretic
follicles.

Blood Analyses and Collection
All hens were bled by cardiac puncture with handling time before puncture never
exceeding 45 seconds. Blood samples were collected into vacuutainers (VACUETTE
North America, Monroe, NC) with EDTA used as the anticoagulant. Samples were
centrifuged (Marathon 3200R, Fisher Scientific, Pittsburgh, PA) at 5000 x g for 10
minutes. The resulting plasma was decanted and stored frozen at -20 C. The plasma was
thawed prior to the analysis of corticosterone (CS), glucose (GLU), and cholesterol
(CHOL) levels. The analyzer (Etkachem Model DT 60 analyzer, Eastman Kodak Co.,
22

Rochester, NY) employed colorimetric detection procedures described by Elliot (1984)
and referenced by Mumma et al. (2006).
Plasma CS concentrations were determined using enzyme-linked immunoassay
(EIA) (Correlate-EIA for CS, Assay Designs, Inc., Ann Arbor, MI) using a sheep
polyclonal antibody as the primary reactive agent.

Table 1. Composition and nutrient values of study diets
Composition and
nutrient values

#1
No Salt

#2
Molt Diet

#3
Special Diet

#4
Salt Feed

#5
Layer Diet

Crude protein, %

17.23

9.74

9.72

16.00

17.23

Crude fiber, %
Salt
Metabolizable
energy, Mcal/kg

2.45
0
1270.00

3.61
0
1218.33

3.61
.30
1213.70

3.18
0.40
1273.56

2.45
0.40
1270.00

The hematocrit, hemoglobin, pH, carbon dioxide, oxygen, sodium, calcium,
chloride, and potassium levels of the blood were measured using a Radiometer ABL77
Series Analyzer (Radiometer America, Inc., Westlake, OH). The conversion procedures
for these measurements were described in detail by Puvadolpirod and Thaxton (2000).

Egg Measurements and Evaluations
The specific gravity of the eggs collected during the last two days of the
experiment was evaluated. Specific gravity was measured using the method as described
by Voisey and Hunt (1974). Egg grade was measured using an official egg air cell gauge
from the United States Department of Agriculture Agricultural Marketing Service Poultry
Programs division.
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Statistical Analysis
A completely randomized design with unequal numbers of replications (5-14)
with 40 groups of laying hens (n=5 per group) was used to determine differences
(P<0.05) in physiological and morphological characteristics of laying hens in different
stages of a non-feed withdrawal molt (Statistical Analysis Software, version 9.1, SAS
Institute, Cary, NC). When significant differences (P<0.05) existed among treatments,
the Fisher’s least significant difference test was used to separate means among non-feed
withdrawal molt stages.
For reporting data, hens were divided into 5 groups based on the stage of non-feed
withdrawal molt that they were in on the last day of the study. These stages are control,
start, mid-molt, near end, and over. Table 2 lists the groups, a brief description, and the
number of birds in each.

Table 2. Description of assigned hen groups for data reporting
Group

Description

n

Control

Full fed during entire study

5

Start

In Day 1 – 7 of Molt

7

Mid-Molt

In Day 8 – 14 of Molt

7

Near End

In day 15 to 21 of Molt

7

Over

Day 21 and over

14
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CHAPTER IV
RESULTS

Feather Loss
The results of this study suggest that this method of non-feed withdrawal molt did
cause regression of the oviduct. The loss of feathers, however, was not as noticeable.
Feathers were lost around the necks of the birds in this study. However, on the day the
animals were harvested, the birds did not appear, in contrast to a traditional feed
withdrawal molt, to have lost as many feathers as typical “in molt” birds While feathers
in the pit were observed, feather loss was not significant and was therefore not scored.

Internal Organ Measurements
Control hens had a longer (P<0.05) small intestine length than all other groups
except the over group. In addition, the small intestine length of the over group was
longer (P<0.05) than the near end and mid molt treatment groups. The control and over
groups had heavier (P<0.05) intestine weights than the mid-molt group. In addition, the
control group had a larger (P<0.05) small intestine weight than the near end stage, but no
other differences (P>0.05) existed among treatments.
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No differences existed (P>0.05) in gallbladder or spleen weights among groups,
but the control group had higher a heart weight (P<0.05) than the 4 groups that were in
the molt process. Control hens had higher gizzard weights (P<0.05) than all treatment
groups except for those in the treatment group that had gone all the way through the nonfeed withdrawal molt process (over group).
The control, and start groups had higher liver weights than the mid molt and near
end groups (P<0.05). The oviduct weights of the control hens were heavier (P<0.05)
than other groups followed by the start and over groups with the mid and near end molt
groups having the lightest (P<0.05) oviduct weights (Figure 1). The control and start
groups of hens exhibited longer (P<0.05) oviduct lengths followed by the mid and near
end molt groups (Figure 2). In addition, the over group had longer (P<0.05) oviduct
lengths than the near end group. Control hens had higher ovary weights (P<0.05) than
the other treatment groups followed by the start and over groups with the mid and near
end groups having the lowest ovary weights (P<0.05) when compared to all other
treatments (Figure 3). The control group also had the highest follicle weights (P<0.05)
when compared to all other treatments (Figure 4). In addition, the start and over group
had heavier (P<0.05) follicles than the mid molt and near end treatment groups. With
regard to the number of follicles, the control and over groups had higher (P<0.05) counts
than the other groups (Figure 5).

Blood Analysis
The blood of the control and over hens had higher (P<0.05) levels of CL than the
start and near end groups. In addition, the control group had higher (P<0.05) CL levels
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than the mid molt group. The control hens had higher (P<0.05) Na levels than all other
treatments, and no other differences (P>0.05) existed in Na level among treatments. The
control and start groups had lower (P<0.05) levels of K than the mid molt and near end
treatments. In addition, the over treatment had lower (P<0.05) K levels than the mid molt
treatment. No differences (P<0.05) existed among treatments in regard to Ca2 levels
(Table 4).
Hens in over group had higher (P<0.05) blood pH than the control and start
groups (Table 5), but no other differences (P<0.05) existed among treatments. No
differences (P<0.05) were observed in levels of glucose, CO2, O2, Ca2 or cholesterol
(P<0.05). The hematocrit and hemoglobin levels of the hens in the over group was lower
(P<0.05) than all other treatments but the control (Table 5).
No difference (P<0.05) in corticosterone levels were observed among groups
(Figure 7). However, there was a large range in the levels across treatments that may
have contributed to this lack of difference (Table 6). This may indicate that there were a
few birds with in some treatment groups that were stressed but that on average, birds
were not stressed in any treatment group.

Egg Specific Gravity and Grade
The average length from the start of the molt (feeding of #1 no salt diet for 3d) for
egg production to cease was 10 days. As an example, egg production of hens in
Treatment 14 (started on #1 no salt diet on first day of experiment) ceased on day 10 with
1 egg collected on the last day of the experiment (after the hens had been put back on #5
layer diet for 2d).
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Among all eggs collected in the study, no differences were observed regarding
specific gravity or USDA grade (P>0.05).

28

29

45.7c
46.4c
51.8ab

Mid Molt2

Near End3

Over4

62.3ab

51.4bc

46.3c

52.9abc

0.88a

0.52a

0.65a

0.88a

5.4b

5.3b

5.3b

5.5b

Gallbladder Heart
Weight
Weight
(g)
(g)
0.60a
6.9a

33.8ab

30.6bc

29.0c

31.1bc

Gizzard
Weight
(g)
35.5a

37.0ab

29.7b

29.0b

38.9a

Liver
Weight
(g)
41.9a

21.25a

41.38a

51.01a

40.99a

0.62

a

a

a

a

Spleen
# of
Weight Atretic
(g)
Follicles
a
21.23a

Standard
1.65
3.42
0.08
0.25
1.10
2.29
0.07
Error
a-b
Means within a column with the same letter are not significantly different (P>0.05).
1
day 1 to 7 in the non-feed withdrawal molt.
2
day 8 to 14 in the non-feed withdrawal molt.
3
day 15 to 21 in the non-feed withdrawal molt.
4
greater than 21 days in non-feed withdrawal molt.

49.5bc

Start1

Molt Stage SI Length
SI
(cm)
Weight
(g)
Control
55.8a
64.1a

Table 3: Internal organ measurements of layer hens at various stages within a non-feed
withdrawal molt.
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117bc
116c
119ab
.66

Mid Molt2

Near End3

Over4

Standard Error

3.69

150b

146b

147b

147b

Na
(mEq/L)
169a

.39

5.9bc

6.9ab

7.1a

5.8c

K
(mEq/L)
5.3c

.03

3.0a

3.0a

2.9a

2.9a

Ca2
(mEq/L)
3.1a

1

Means within a column with the same letter are not significantly different (P>0.05).
day 1 to 7 in the non-feed withdrawal molt.
2
day 8 to 14 in the non-feed withdrawal molt.
3
day 15 to 21 in the non-feed withdrawal molt.
4
greater than 21 days in non-feed withdrawal molt.

a-b

116c

Cl
(mEq/L)
120a

Start1

Control

Molt Stage

Table 4: Blood electrolyte levels of laying hens at various stages within a non-feed
withdrawal molt.
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211a
211a
210a

7.353ab

7.359ab

7.388a

Mid
Molt2
Near
End3
Over4
44.9a

49.2a

50.4a

46.8a

CO2
(mmHg)
52.5a

87.0a

81.9a

72.6a

72.8a

26.0b

31.3a

31.9a

30.0a

O2
Hematocrit
(mmHg)
(%)
72.7a
28.9ab

163a

160a

185a

163a

Cholesterol
mg/dl
193a

8.4b

10.1a

10.3a

9.7a

Hemoglobin
(g/dL)
9.3ab

Standard
0.03
0.92
1.4
3.3
1.2
6.0
0.40
Error
a-b
Means within a column with the same letter are not significantly different (P>0.05).
1
day 1 to 7 in the non-feed withdrawal molt.
2
day 8 to 14 in the non-feed withdrawal molt.
3
day 15 to 21 in the non-feed withdrawal molt.
4
greater than 21 days in non-feed withdrawal molt.

213a

7.343b

Start1

Glucose
(mg/dl)
216a

7.337b

pH

Molt
Stage
Control

Table 5: Blood chemistry of laying hens at various stages within a
non-feed withdrawal molt.
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Oviduct weight of layer hens at various stages within a non-feed withdrawal molt. a-b Means within a column with
the same letter are not significantly different (P>0.05). Start is Day 7 in the non-feed withdrawal molt. Mid Molt is
Day 8 to 14 in the non-feed withdrawal molt. Near end is Day 15 to 21 in the non-feed withdrawal molt. Over is
greater than 21 days in non-feed withdrawal molt.

Figure 1. Oviduct weights of hens in various stages of non-feed withdrawal molt.

33

Oviduct length of layer hens at various stages within a non-feed withdrawal molt. a-b Means within a column with
the same letter are not significantly different (P>0.05). Start is Day 7 in the non-feed withdrawal molt. Mid Molt is
Day 8 to 14 in the non-feed withdrawal molt. Near end is Day 15 to 21 in the non-feed withdrawal molt. Over is
greater than 21 days in non-feed withdrawal molt.

Figure 2. Oviduct lengths of hens in various stages of non-feed withdrawal molt.
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Control

25a

Start

18b

M olt Stage

Mid Molt

13c

Near End

13c

Over

18b

Ovary weights of layer hens at various stages within a non-feed withdrawal molt. a-b Means within a column with the
same letter are not significantly different (P>0.05). Start is Day 7 in the non-feed withdrawal molt. Mid Molt is Day 8
to 14 in the non-feed withdrawal molt. Near end is Day 15 to 21 in the non-feed withdrawal molt. Over is greater than
21 days in non-feed withdrawal molt.

Figure 3. Ovary weights of hens in various stages of non-feed withdrawal molt.

Ovary Weight (g)
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Follicle weights of layer hens at various stages within a non-feed withdrawal molt. a-b Means within a column
with the same letter are not significantly different (P>0.05). Start is Day 7 in the non-feed withdrawal molt. Mid
Molt is Day 8 to 14 in the non-feed withdrawal molt. Near end is Day 15 to 21 in the non-feed withdrawal molt.
Over is greater than 21 days in non-feed withdrawal molt.

Figure 4. Follicle weights of hens in various stages of non-feed withdrawal molt.
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Follicle numbers of layer hens at various stages within a non-feed withdrawal molt. a-b Means within a column
with the same letter are not significantly different (P>0.05). Start is Day 7 in the non-feed withdrawal molt. Mid
Molt is Day 8 to 14 in the non-feed withdrawal molt. Near end is Day 15 to 21 in the non-feed withdrawal molt.
Over is greater than 21 days in non-feed withdrawal molt.

Figure 5. Follicle numbers of hens in various stages of non-feed withdrawal molt.
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Percent body weight loss of layer hens at various stages within a non-feed withdrawal molt. a-b Means within a
column with the same letter are not significantly different (P>0.05). Start is Day 7 in the non-feed withdrawal molt.
Mid Molt is Day 8 to 14 in the non-feed withdrawal molt. Near end is Day 15 to 21 in the non-feed withdrawal
molt. Over is greater than 21 days in non-feed withdrawal molt.

Figure 6. Percent body weight loss in hens in various stages of non-feed withdrawal molt.
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Corticosterone levels of layer hens at various stages within a non-feed withdrawal molt. a-b Means within a
column with the same letter are not significantly different (P>0.05). Start is Day 7 in the non-feed withdrawal molt.
Mid Molt is Day 8 to 14 in the non-feed withdrawal molt. Near end is Day 15 to 21 in the non-feed withdrawal
molt. Over is greater than 21 days in non-feed withdrawal molt.

Figure 7. Corticosterone levels in hens in various stages of non-feed withdrawal molt.

Table 6. Corticosterone levels of layer hens at various
stages within a non-feed withdrawal molt.
Molt Stage
Control

Corticosterone (pg/ml)level
range
15-1052

Start1

30-753

Mid Molt2

48-3185

Near End3

33-833

Over4

64-2074

1

day 1 to 7 in the non-feed withdrawal molt.
day 8 to 14 in the non-feed withdrawal molt.
3
day 15 to 21 in the non-feed withdrawal molt.
4
greater than 21 days in non-feed withdrawal molt.
2
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CHAPTER V
DISCUSSION

The results of this study show that even with no photoperiod manipulation (which
is common to most molting programs), a non-feed withdrawal molt can cause egg
production to cease and the oviduct to regress significantly. The average number of days
for egg production to cease as reported in this study was 10 days, 2 days longer than the
results reported by Brake and Thaxton (1979b) and the same as the results reported by
Soe et al. (2007).
This study utilized an industry plan that consists of more than one formula
previously demonstrated to stimulate molt. The #1 and #2 diets contained no salt;
positive results of non-feed withdrawal molts using a diet deficient of salt were
previously described by Nesbeth et al., 1976a,b; Harms 1981, 1983; and Naber et al.,
1984. The #2 and #3 diets used in this study are lower in protein and energy supporting
the findings of Koelkebeck and Anderson (2007) who reported that feeding a low-energy,
low-protein molt diet does produce postmolt production performance that is comparable
to feed withdrawal methods.
The physiological changes reported in this study support the works of Brake et al.
(1982), Brake and Thaxton (1979b), and Koelkebeck et al. (1987) in both feed
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withdrawal and non-feed withdrawal molting of laying hens. The results of this study
show the decrease in weights of the reproductive tract of the hen and the increase in
weight as the birds go into the near-end and over stages of molt. The oviducts of birds in
the mid molt group had significantly lower oviduct and follicle weights as well as shorter
oviduct lengths than the other groups. The mid molt and near end groups had
significantly lower ovary weights with the mid molt group exhibiting the highest number
of atretic follicles. Figures 1-5 show the same pattern of decrease in weight of the
oviduct, length of the oviduct, decrease of ovary weights, decrease of follicle weight, and
decrease in the number of follicles indicating that significant regression in the oviduct of
hens molted using this non-feed withdrawal method did occur.
Birds in the near end stage of molt at the end of the study exhibited the largest
percent body weight loss at 21%. This percentage does not meet the minimum of 25%
body weight loss for full ovary regression as reported by Berry (2003) or that of 30% as
reported by Baker et al. (2003) for optimum molt results.
Without complete regression of the oviduct, subsequent egg production may be
slower to start. Non-feed withdrawal molting, when it is managed correctly and with
much attention to detail, can be as effective as a forced molt, as referenced by Soe et al.
(2007). However, it does affect the economics of the egg industry. From an industry
perspective, confidential production records at Cal-Maine Foods records indicate that
birds are a few days slower to come back into production (personal communication with
Jack Self, vice president of production, Cal-Maine Foods, Inc.). This in conjunction with
the fact that a non-feed withdrawal molting program requires much more time and
attention are the major differences between this type of molt and a feed withdrawal molt.
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The results of this study show no significant increase or decrease in the
corticosterone or stress hormone levels of laying hens. However, the wide ranges in
levels within treatments is substantial. The results of this study agree with results
reported by Romero and Reed (2005). They looked at the stress levels in captive house
sparrows and different intervals in an attempt to establish a baseline. The results
indicated there was substantial variation in corticosterone levels but that corticosterone
levels can still be used to measure stress.
The research regarding the effect of feed withdrawal molting on laying hens is
conflictive as far as stress levels are concerned. There is a reported increase in stress
levels at the beginning of a feed withdrawal molt that decreases after the first two to three
days of molt as reported by Webster (2003). Beauving and Vonder (1977) and Sharp and
Beauving (1978) reported that stress levels in feed withdrawal molted hens may be lower
than when the hens are laying because the hens are not under the normal amount of stress
associated with egg laying.
Webster (2007) wrote that there are two broadly accepted notions that motivate
the adoption of animal care guidelines. These are “that domestic animals are sentient and
that humans are responsible to ensure the proper care of domestic animals.” There are
many points of view regarding animal welfare. With the increase in population of the
world, however, it is imperative that commercial egg production be as efficient as
possible to produce an abundant source of protein in the future (personal communication
with Dr. Mike Kidd, department head, Mississippi State University Poultry Science
Department, September, 2008). Basic animal care is fundamentally a part of any
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agricultural business that involves animals. If laying hens are not well cared for, they
will not produce eggs.
Anderson and Koelkebeck (2007) concluded that recommendations from the
scientific community regarding animal care were not thoroughly researched before being
accepted. The authors further explained that this is why these recommendations are
called guidelines. However, because most major customers of the egg industries require
that these animal care guidelines are followed, they have become requirements.
Anderson and Koelkebeck made the point that decisions are being made that perhaps may
be detrimental to poultry because the ramifications of these are not fully investigated and
understood. The authors concluded that “…people are sometimes making poultry
welfare decisions based upon ignorance and a lack of understanding.” In spite of that,
this study supports the use of non-feed withdrawal molting.
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CHAPTER VI
CONCLUSIONS

The results of this study show that stress levels in non-feed withdrawal hens did
not increase while significant oviduct regression was achieved. The results show the
significant reduction in body weight, internal organs, and various blood levels are also in
agreement with other research on induced molting This study also shows no significant
difference in egg specific gravity or grade following a non-feed withdrawal molt which
indicates that future egg quality would more than likely be comparable to that of a feed
withdrawal molt. Further research is needed, however, to evaluate the subsequent
production and egg quality after a non-feed withdrawal molt to determine the economic
effectiveness. Nevertheless, these results show that non-feed withdrawal molting is a
viable option to increase the laying life of a hen without feed withdrawal.
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